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STUDY ON CAUSE OF QUENCH AT JOINT BETWEEN MLJLTELAMENTARY 
SUPERCONDUCTING CABLE AND COPPER PLATE USING 3-D E M  
N.Takahashi, T.Nakata and Y.Fujii 
Dept. of Elcc. Eng., Okayama Univ., Okayama 700, Japan 
K . F d  and M.Takeo 
Reseamh Inst for Supcrconducting Magnets, Kyushu Univ.. Fuhroka 812, Japan 
In the ac superconducting electrical machine, the superconducting cable is connected with the 
normal conducting copper wire through a copper plate. If the ac current is increased, the quench 
occurs at the joint. As a resulut. the rated N m n t  of the superconducting electrical machine is 
limited to a smaller value than that of ac superconducting cable itself. Since the superconducting 
cable is multifilamenmy, it is difficult to analyze 3-D current distribution at the joint. Therefore, 
the cause of quench was not clear. 
Since 3-D numerical method for analyzing the twisted multifilamentary conductor has been 
developed by us 111, the current distribution is calculated taking into account of eddy cumnt. It is 
found out that the cause of the quench is the exmme concentration of c m n t  at the joint due to the 
remarkable skin effect in the copper platc under llquid helium t e m p m .  
2 A l d Y m  
The current distribution in the copper plate shown in Fig.l(a) is analyzed. The conductivity of the 
copper plate is 5xlO%/m(at 4.2'K). The twist pitch of the superconducting cable is 31.5mm. The 
effective value of the applied ac current is qual to 4500A. The multifilamentay superconducting 
cable is trcated as macroscopic one having anisowpic conductivity[l]. 3-D distributions of 
applied current and the eddy current (uc analyzed independently. The distribution of the total 
c m n t  is obtained by superposition. Since the extremely fine mesh is required near the surfaces 
of the copper plate and superconducting cable at 5OHz due to the skin effect, the cumnt 
dismbution at 2Hz is analyzed. Fig.2 shows the boundary conditions. 
3. Results and I)lsfusnon 
Fig.3 shows the current distribution at a cross section of the copper plate. Fig.4 shows the cumnt 
distributions near the surface of the copper platc. Fig.5 shows the dismbution of the maximum 
value of the x-component Jx of the cumnt density which flows into the superconducting cable 
from the copper plate along the l i e  a-b(x=-2.25. y=O) in Fig.1. In the cast of dc( flx4500A). Jx 
at the point a is larger than that at the point b. On the contrary, when the frequency is increased. 
the current is concentrated near the point b as shown in Fig.4 due to the skin effect, because the 
conductivity is very high(5xlOWm) undcr liquid helium tempcram. 
The effects of the shape and size of the copper plate, and twist pitch and conductivity of the 
superconducting cable will be shown in the full paper. 
. .  
I iI f' J is perpendicular 
Bisparallel 
an the othcr planes: 
Fig 
Fig2 Boundary conditions. 
X 
.3 
,/-&cable mperconduaing 
I ' copperplate 
Cunent distribution at a cross section 
of the copper plate (2Hz, z=B.8mm). 
Jz ,- \ 
C 
d 0 10 2Q 30 
a b 
z (mm) 
superconducting cable. 
superconducting cable 
(a) dc (b) r ( 2 W  
Fig.4 Current distributions near the surface 
(y= -0.3mm) of copper p lae  
Fig3 Current density flowing into 
0-7803-0637 - 6/92 $3.00 @ 1992 IEEE FD-10 
